Background and objectives Geographic variation in stroke rates is well established in the general population, with higher rates in the South than in other areas of the United States. A similar pattern of geographic variation in ischemic strokes has also recently been reported in patients undergoing long-term dialysis, but whether this is also the case for hemorrhagic stroke is unknown.
Introduction
Stroke is substantially more common in patients undergoing long-term dialysis than in the general population (1) . Hemorrhagic stroke, in particular, confers a major burden on both affected individuals and society as a whole (2) (3) (4) (5) . In the general population, older age, male sex, and hypertension emerge as consistent risk factors for hemorrhagic stroke (6) (7) (8) (9) . Improved understanding of the factors associated with hemorrhagic stroke in the dialysis population, which is at particularly high risk of bleeding by virtue of regular exposure to heparin and consequences of the uremic milieu itself (10) , might therefore inform surveillance or education measures designed to improve patient care.
We have recently reported the existence of an ischemic "Stroke Belt" in United States dialysis patients, centered in the southern states (11) . That report focused on ischemic stroke, which is approximately 4.5-fold more common than hemorrhagic stroke in United States dialysis patients (12) . However, because hemorrhagic stroke differs substantially from ischemic stroke in its pathophysiology (4, 5) , it is uncertain whether findings associated with the latter would be associated with the former. Although important work has previously been undertaken examining the epidemiology of hemorrhagic stroke in dialysis patients (13) (14) (15) , no report to date has specifically examined geographic variation in hemorrhagic stroke rates and how race and ethnicity might affect any such potential association. Race and ethnicity, which are characterized not only by differences in genetics and biology but also by variation in environmental, psychosocial, cultural, and behavioral factors, may affect access to and deliverance of care (16, 17) .
Accordingly, we sought to investigate whether specific demographic, anthropometric, functional status, comorbidity, or geographic factors might be associated with hemorrhagic stroke in dialysis patients. We were also particularly interested in whether state-by-state geographic variation exists for hemorrhagic stroke and, if so, whether race and ethnicity might partially account for such a finding, given that older data suggest that hemorrhagic stroke rates are higher in individuals of African descent than in those of European descent (7) . Using data from the US Renal Data System (USRDS), Medicare, and Medicaid, we studied a large cohort of incident dialysis patients. Our underlying hypothesis was that if major regional differences in hemorrhagic stroke persisted after controlling for these patient-specific factors, this might indicate an opportunity to explore regional differences in treatment practices that might lead to opportunities to improve efforts to prevent this catastrophic condition.
Materials and Methods

Study Design and Data Sources for Analysis
We performed a retrospective cohort analysis of incident, Medicare-eligible long-term dialysis patients and a secondary analysis in a cohort of dually eligible (Medicare and Medicaid) patients. The latter patients are a particularly vulnerable group who have lower socioeconomic status, which enables us to minimize the potential confounding effects of this factor. Our approach to data acquisition and cohort creation has been described previously (18, 19) , and further detail can be found in the Supplemental Appendix. We used the USRDS, a national system that collects data on almost all patients undergoing long-term dialysis in the United States. To make possible the study of dually eligible individuals, the USRDS performed a deterministic match of these Medicaid beneficiaries against the core USRDS files to identify dually eligible individuals receiving long-term dialysis.
Study Cohorts and Rationale for Analytic Approach
The cohorts consisted of individuals .18 years of age who initiated long-term dialysis on or after January 1, 2000, and before October 2, 2005. Participants had survived at least 90 days after the initiation of dialysis, at which time (day 91) the observation window commenced, and they had to be continuously enrolled in Medicare (primary analysis) or both Medicare and Medicaid (secondary analysis) upon initiation. To ensure that all Medicare claims were observable, we studied only individuals who were Medicare-eligible from the time of dialysis initiation and for whom Medicare was the primary payer. Individuals were censored at the time that they lost Medicare eligibility, at the time of kidney transplantation, or at the time of death, if any of these occurred. Otherwise, they were censored on the last day of follow-up (December 31, 2005) . For the dually eligible cohort (Medicare plus Medicaid) subgroup analysis, individuals were censored when they lost either coverage.
Covariates and Descriptive Variables
Demographic, comorbidity, and clinical variables were drawn from the Centers for Medicare & Medicare Services (CMS) 2728 dialysis intake form. Details of our approach to comorbid conditions have been described before (18, 19) and are outlined in the Supplemental Appendix. Because previous stroke is a strong predictor of future stroke, we examined stroke claims in the first 90-day run-in period before the start of the observation window; an individual was considered to have a preexisting or "prevalent" stroke if a cerebrovascular accident (CVA, either ischemic or hemorrhagic) was declared on the CMS 2728 form as having occurred before dialysis initiation or if a stroke appeared in claims during the first 90 days of dialysis.
Hemorrhagic strokes occurring after this period (i.e., during the observation window) were considered new strokes. Additionally, we supplemented the medical information from the CMS 2728 form with a modified form of the Liu comorbidity index (a summary measure of comorbidity burden), whereby evidence from claims is used to supplement the CMS 2728 comorbid conditions (20) .
Stroke Outcomes
Our primary outcome was hemorrhagic stroke, as indicated by International Classification of Diseases, Ninth Revision, codes 430 and 431. These codes have been shown to be highly specific for identifying hemorrhagic strokes (21) . A sensitivity analysis, using a much more inclusive definition for hemorrhagic stroke, added codes 432, 852.0, 852.2, 852.4, and 853.
Statistical Analyses
Person-Level Analyses. We generated descriptive statistics to illustrate how individuals who experienced hemorrhagic strokes differed from those who did not. Bivariate analyses comparing each of the explanatory variables by hemorrhagic stroke versus nonstroke were performed using Pearson chi-squared test or t test, as appropriate. To identify factors associated with hemorrhagic stroke, we generated a multilevel Poisson model using generalized linear mixed modeling (GLMM) (22) with hemorrhagic stroke rate (number of strokes per unit of exposure time) being regressed simultaneously on all a priori selected explanatory variables as fixed effects and with state modeled as a random intercept. Although cause of ESRD was not included among these a priori selected variables, we included, in modified form, the Liu comorbidity index (20) , which incorporates cause of ESRD. The Poisson model fit was assessed by ensuring that the ratio of the generalized chi-squared test statistic to its degrees of freedom was close to 1.
State-by-State Differences in Hemorrhagic Stroke. After developing the Poisson GLMM, we examined the variability in stroke rates by state of residence and compared states. For each state, we determined whether the observed number of incident strokes, called the "observed" (O) value, was above or below the "expected" (E) value given the total exposure time for persons belonging to that state. The random-effect estimates for each state calculated by our model facilitated the O/E rate ratio comparisons. Specifically, we obtained the estimates of the random effects for each state because these parameters modify each state's log-rates of ischemic stroke from the overall crossstate (fixed) model effects. Exponentiation of these estimates generated state-specific observed versus expected (O/E) adjusted rate ratios (ARRs) adjusted for the effect of other covariates. Using the estimated SEMs of the prediction, we estimated confidence intervals for these state-specific O/E rate ratios. Because of the large sample size of our cohort, statistical significance was inferred only when the P value was ,0.01. All statistical analyses were done with SAS software, version 9.2 (SAS Institute, Inc.). We then sequentially adjusted for age; then age and sex; then for age, sex, and race; and, finally, for all factors based on our GLMM, which accounted for individuallevel characteristics.
Sensitivity Analyses
To examine the robustness of our results, we performed several sensitivity analyses. First, as stated above, we repeated the analysis with a more sensitive method for identifying hemorrhagic stroke (21) . Second, we performed the analysis with the modified Liu comorbidity index (20) as a summary measure of overall illness burden. Third, we performed an analysis in the cohort of dually eligible (Medicare and Medicaid) dialysis patients, which creates a more homogenous cohort based on socioeconomic status (23). Finally, to provide possible insights as to whether it might be racial milieu, rather than individual-level race, that might be responsible for the association of interest, we substituted statelevel race distribution for race/ethnicity at the individual level. That is, we computed the racial distribution of the dialysis patients within each state at the midpoint of the cohort and modeled this rather than individual-level race.
Compliance and Protection of Human Research Participants
The institutional review board at the University of Kansas Medical Center approved the study. The work was undertaken in accordance with the principles of the Declarations of Helsinki. Data use agreements between University of Kansas Medical Center and the USRDS and CMS were in place. The characteristics of the Medicare-eligible cohort are shown in Table 1 . Mean age6SD was 64.7615.1 years, 52.9% of patients were male, and whites made up the largest group at 54.9%, followed by African-Americans at 30.0%. Diabetes, at 47.2%, was the leading cause of ESRD. In terms of comorbid conditions, 84.4% of patients had hypertension, 33.2% had heart failure, and 10.3% had a history of a CVA upon dialysis initiation. Over 93% were undergoing in-center hemodialysis. During a median follow-up period of 15.5 months (25% and 75% percentiles, 6.1 and 30.3 months, respectively), 2397 (0.9%) of the patients sustained a hemorrhagic stroke. Of those who had hemorrhagic strokes, 98.2% had a single event; 43 individuals (1.8%) had two, and only 1 had three; no patient had more than three hemorrhagic strokes. There were a total of 2442 events in 437,817.7 patient-years, for 5.6 hemorrhagic strokes per 1000 patient-years. Bivariate analyses between individuals who did and did not have hemorrhagic strokes during the observation period revealed significant differences (P,0.05) for all covariates examined. Table 2 shows factors that, after multivariable adjustment, were independently associated with hemorrhagic stroke occurrence. Older age, female sex, lower body mass index, substance abuse, unemployed status, and being initiated on in-center hemodialysis were associated with hemorrhagic stroke. Comorbid conditions of atrial fibrillation, hypertension, and history of a CVA were also significantly associated with hemorrhagic stroke, while the presence of heart failure and coronary artery Table 3 demonstrates geographic variation in hemorrhagic stroke under various modeling strategies. An unadjusted model is followed by models adjusted for age; then age and sex; then age, sex, and race/ethnicity; and finally for all factors in Table 2 . As can be seen, in each of the first three models, California, Maryland, North Carolina, and Texas all had O/E ratios statistically significantly greater than 1.0; after incorporation of race/ethnicity, no state had an O/E ratio significantly greater than 1.0. Wisconsin and Ohio had O/E ratios statistically significantly lower than 1.0 in the unadjusted model, but only Wisconsin had an O/E ratio significantly less than 1.0 in the subsequent models. After race/ethnicity was incorporated, no state had an O/E ratio statistically significantly different from 1.0. We then incorporated into the model all other factors in Table 2 ; results were unchanged.
Person-Level Factors Associated with Hemorrhagic Stroke
Geographic Factors Associated with Hemorrhagic Stroke
Several sensitivity analyses demonstrated generally similar findings. With use of a more sensitive definition of hemorrhagic stroke, only California, Maryland, and Texas had initial O/E ratios statistically significantly greater than 1.0 (i.e., North Carolina no longer appeared in this group); as before, once race/ethnicity was incorporated, no state had an O/E ratio significantly greater than 1.0. Indiana joined Ohio and Wisconsin as having O/E ratios statistically significantly below 1.0 in the initial models, but, as before, the incorporation of race/ethnicity resulted in no state having an O/E ratio significantly below unity. A second analysis using the dually eligible patient population demonstrated findings that tended to bolster those of the primary analysis. This is shown in Supplemental Table 1 . Because the dually eligible study sample was only 26% as large as the Medicare sample, our ability to observe statistically significant differences, if they existed, was reduced, and so the more sensitive hemorrhagic stroke definition was used. Only California had an O/E ratio statistically significantly greater than 1.0 in the initial models; this was no longer the case when race and ethnicity were taken into account. The states with the next-highest (but not statistically significant) O/E ratios were Maryland and Texas, constituting a pattern broadly consistent with that of the Medicare patients. However, of note, the point estimates in the dually eligible sample generally clustered closer to unity than did those in the Medicare sample.
Finally, we substituted race distribution by state in place of individual-level race and found similar effects for race. However, when we modeled both individual-level and state racial distribution simultaneously, the former maintained statistical significance while the latter no longer did, suggesting that individual-level race is the better marker by which to capture the effects of race/ethnicity.
Discussion
In this study, we sought to determine whether there was geographic variability in hemorrhagic stroke rates at the United States state level among patients undergoing longterm dialysis, and, if so, whether any factors, particularly race and ethnicity, might be associated with such variability. Using a large cohort of incident dialysis patients, we found some states to have hemorrhagic stroke rates that differed significantly from unity in the unadjusted analysis. After adjustment for age and then sex, as has been done in previous studies examining geographic variation in stroke rates (24) , our findings persisted. However, after race/ethnicity was incorporated in the analyses, no state differed significantly from unity, suggesting that race/ethnicity, or factors that covary with these, appear to explain a substantial portion of state-by-state geographic variation in hemorrhagic stroke in United States dialysis patients. This finding was concordant with our person-level model in which African Americans, Hispanics, and individuals of other races had, approximately, 1.4-, 1.8-, and 1.5-fold increases in hemorrhagic stroke compared with whites, even after adjustment for a wide range of other factors. We have recently reported the existence of an ischemic "Stroke Belt" in dialysis patients centered on the southern United States (11) . This same basic finding was present when we combined ischemic and hemorrhagic strokes in the outcome of "total strokes" (authors' unpublished data). However, given substantial pathophysiologic differences between ischemic and hemorrhagic strokes, it was unclear whether geographic variability in hemorrhagic strokes, if it existed, would mimic that of ischemic strokes. Although the association of minority race with hemorrhagic stroke is far from universal (8,9), we nevertheless hypothesized that race and ethnicity might at least partially account for any findings that initially appeared attributable to geography.
The present findings must be contextualized in view of the population studied. Our primary analysis examined individuals who had Medicare eligibility upon dialysis initiation. Therefore, this group, whose mean age was slightly under 65 years, is composed primarily of individuals who were .65 years of age when dialysis commenced or were younger and had Medicare by virtue of a substantial preexisting disability. Both types of individuals would probably have more comorbid conditions, on average, than other incident dialysis patients. Our sensitivity analysis examined individuals with Medicaid, which is a program for medically needy, low-income individuals; these individuals are, on average, roughly 10 years younger than individuals with Medicare alone (23) . Although Medicaid eligibility varies substantially by state (18), we nevertheless specifically selected this group for analysis in an attempt to create a cohort that was more socioeconomically homogeneous. While this cohort was only about one quarter the size of the Medicare cohort, our findings were broadly similar to those of the larger cohort. The results did not reach statistical significance (probably attributable to lack of power), but inspection of the point estimates suggests that socioeconomic factors could still account for some degree of geographic variation. Because the point estimates of some states in the fully adjusted model using the Medicare cohort were higher than the analogous results obtained using the dually eligible cohort, it appears possible that socioeconomic status (as indicated by eligibility for Medicaid) may be partially responsible for state-by-state variation in hemorrhagic stroke rates. This possibility warrants further scrutiny.
One potential reason for our findings might be differences in medication use by race. For example, it may actually be warfarin use rates that are responsible for our findings, because systemic anticoagulation is a risk factor for hemorrhagic stroke. However, for this to explain our findings, African Americans (and, presumably, other minority groups) would have to be treated with warfarin at higher rates than whites for disorders such as chronic atrial fibrillation, a phenomenon that would not be expected given what has been published on differences in treatment rates, by race, for a wide variety of conditions (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) . If anything, the potential that warfarin treatment rates are lower in minorities would be expected to strengthen the association we report.
Beyond race/ethnicity, we found many expected associations between various risk factors and hemorrhagic strokes in our analysis, bolstering the study's face validity. Older age was associated with hemorrhagic stroke, as was history of a CVA. Hypertension, present in most (approximately 85%) individuals in our cohort, was also associated with hemorrhagic stroke risk, as would be expected. The presence of congestive heart failure and its antecedent condition, coronary artery disease, was inversely associated with hemorrhagic stroke risk, probably because individuals with these conditions tend to have lower BP by the time they are receiving dialysis. Notably, lower body mass index was associated with hemorrhagic stroke, a finding that was also in evidence in ischemic strokes (11) and that may be attributable to paradoxical associations (36) .
Our findings should be interpreted in the context of the study's limitations. First, our outcomes were based on claims, rather than on clinical data (such as chart reviews, type of dialysis access, brain imaging, or laboratory results). For example, information on the severity or location (intra-axial versus extra-axial) of stroke is not available. Thus, our claims-based approach, although widely used (21) , is imperfect, and there are acknowledged limitations in the CMS 2728 form (37) . However, it seems unlikely that this would introduce a bias by state or, if present, that such a bias would be sufficiently large to account for the effects we attribute to race and ethnicity. Second, our unit of geographic variation, namely United States state, was relatively large, meaning that fine resolution of geographic variation, such as at that which might be present at the level of a county or postal code, was not possible using our analytic strategy. The limited number of hemorrhagic strokes meant that a higher degree of resolution might not have been informative. By the same token, estimates generated from states with smaller dialysis populations are vulnerable to instability because a relatively small number of events can exert disproportionate influence in the O/E ratios. Third, our primary analysis used only individuals who were Medicare-eligible from the start of dialysis. As such, caution should be exercised in attempting to extrapolate our results to other populations, such as individuals with private insurance, those with insurance coverage via the Department of Veterans Affairs, and those who acquire Medicare eligibility later in the course of dialysis. Fourth, we are lacking information on exposure to warfarin, which is likely to be an important hemorrhagic stroke risk factor. We have used a claims-based definition of chronic atrial fibrillation (19) as a rough proxy for both that condition itself and potential "treatments" for it, such as warfarin. However, any discussion of the role chronic atrial fibrillation might play in hemorrhagic stroke risk is unsatisfactory unless warfarin use can be fully accounted for. Finally, observational studies invariably suffer from residual confounding and competing risks. These limitations are probably counterbalanced by the large sample size, the richness of the data used, and our use of multiple sensitivity analyses, which bolstered the findings of the primary analysis and improved generalizability.
In conclusion, we initially found apparent geographic variability in hemorrhagic stroke rates by state in patients undergoing long-term dialysis. However, nonwhites in the United States are at a higher risk of hemorrhagic stroke than are whites, and adjustment for race and ethnicity accounted for a substantial portion of this geographic variation. This suggests that race and ethnicity, or factors for which these may be proxies, largely explain observations that initially appear to be geographic in nature. Even so, the possibility that socioeconomic factors are also associated with some level of variation in hemorrhagic stroke risk warrants further investigation. Future studies should explore whether race and ethnicity are markers of other hemorrhagic stroke risk factors and how practices that are common across geographic boundaries influence hemorrhagic stroke in dialysis patients, including issues related to use of anticoagulants.
